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[57} | " ABSTRACT

An acoustical testing system is described wherein a
stabilized and calibrated audio sound generator is used
to drive a device to be tested with the output of the
device being processed by circuit means that are auto-
matically self-adjusting thereby resulting in digital read-
outs of the device’s output amplitude and purity.

7 Claims, 8 Drawing Figures

CLOCK l 136
L -

126

8C0 COUNTER
L JpowN COMPAR. 132
T count b— _ { —

l
>V

- BCD
READ READOUT OUTPUT
ouT DECODER ADOER .

CARRY

6789012

N a rmTrir— LWDETEWER -

l 122 :

140 T —peed [NTEGRATOR
BCD TO DECIMAL OPERAT

138 — 1 oecoper | | '°“"‘L[\ leo

- ‘—‘——L COMPAR, l

»-

AVERAGING

120

/JCF : :.:,r\-Iaq_ FROM AMP 24

90 88



¢ 914 04 89 ~9G

4,078,233
A

I 69
1Ndino ‘N 43 e _

14°]

. 99
3 9
8 =
7
S .
2 ARCIE
5

avay [ |“Lsia f L=
- pe 22 | 2 9¢
= _ alv
..nl..v _ ONIHV 3H 1

1N0 e _
5 Bl e n e
g -
U 0% 92— 87 22~ 02~ 81 9i

| 30IA3d

ONITdNOO

X0d
J¥NSS3Hd

ANNOS

ov
87

06

<

1%

¢l

27
1A

‘050

Ol—



4.078.233

Sheet 2 of 6

March 7, 1978

U.S. Patent

8.

¢ "9l




4,078,233

Sheet 3 of 6

March 7, 1978

U.S. Patent

v 9Old

be dNV NOYd

O¢l ~ ¥0193130
ONIOVHIAVY
O¢]

TVYNOILvd3d0

43000230
Ivnioad oL ad8 |

HOLVHOILNI obli O¢
*4VdWOD ¥300930 1n0
A< - 1LNoaQv3yd qv3y
PAN | -uvdnoo NMOd B _ 1Nd1N0
| mN_ ‘ ASIE" > “319VYN3 Y3 INAOD | - Q998

INOOJ vo3a |
*4Vd OO an| .
A91°€< | 7318VN3 -
1A - .

Ot |-




4,078,233

Sheet 4 of 6

March 7, 1978

U.S. Patent

o1

1N0O
- | AV3d

1nNdino
aog

96|

8

Gl

09l

¥ 3009030
1NoqQv3y

G "Old

HOLVI3AN3D

73A37 Ol

4300530
IVN103G

oL QO8

Qo8

13s3y

14°1

d31LNNOD

3JavO3d

vel

14°%)

31V9 .

- A20710

- *N3L1LY

‘UVdNOD
Al QLA9IES

8P|

0G|

*4VdWO?D
ASIC OL Al

I Tme
31V9O A<
, 319VN3 WNOY 4

ohard

oct
*93 1N}

NOY 4
2¢ 1



A 438 —

4,078,233

9 914 Q22 “YVYdWO D
- YA 0Ed
o
vy S .
5 AN O¢¢d
% 4041903120
TVNOI LYY3dO0 QTS 1 A
o _
= 6¢ AN« QYA+ +
) , | _
o |
= _ LINDYID | 1VYNOIS
< $ol 7NN OV
_ oL 40193130 | 39q01yg i - 1ndNi
_ T g12—X _
4NV ‘9IS Plc _ ¢l e
9¢ *MS ‘0343 Q12
HOY J

‘U.S. Patent



U.S. Patent March 7, 1978  Sheet 6 of 6 4,078,233

164 168 ~166 | 74 194
(~)
UNKNOWN
(+)
KNOWN |92
190
| 76
182 188

| cLOCK | '
PULSE
| GEN. |
184 — LATCH l 186

| FI1G. 7
| 7 8 100 200 300
| el T
O N———
202+ _
204 206 208
—————————————— oV



4,078,233

1

ANALOG TO DIGITAL CONVERTER CIRCUIT
WITH GAIN RANGING FEEDBACK
This is a division of application Ser. No. 430,462 filed
Jan. 3, 1974 now U.S. Pat. No. 3,922.506.

'BACKGROUND OF THE INVENTION

Acoustical testing systems are known which provide
calibrated sound pressure levels and frequencies. These
are preferably designed to drive the device under test in
an anechoic environment, i.e., free of sound reflections.
Typically, this type of environment is impractical for
small testing systems, especially at the low audio fre-
quencies. The output of the device under test is then

3

10

passed through a measuring system which is capable of '15

providing readings of sound pressure level and/or har-
monic distortion components. A significant drawback
of these existing acoustical testing systems is that a
highly-skilled operator is required for their proper oper-
ation due to their requirement for complicated intercon-
nection of parts of the system combined with easily
misinterpreted readout means. They generally use ther-
mionic components with their attendant problems re-
garding long term stability, power consumption and
size.

The present acoustical testing system eliminates
many chances for operator error by minimizing the
number of necessary interconnections of parts and fur-
ther provides digital readout means which, when cou-
pled with automatically adjusted and scaled circuitry,
allows only positive reading of the performances of the
devices to be tested. Solid state circuitry is utilized
which provides excellent long term stability, low power
consumption and small size.

An object of the present invention is to provide an
acoustical testing system which overcomes the draw-
backs of existing systems and minimizes operator error
by eliminating a number of interconnections of parts
that were necessary in such existing systems.

Another object of the present invention is the provi-
sion of an acoustical testing system that utilizes digital
readout means to provide accurate readings of the per-
formances of a device under test.

A turther object of the present invention is to provide
an acoustical testing system having automatically ad-
justed and scaled circuitry which provides positive
information to be processed thereby.

An additional object of the present invention is the
provision of a Wien bridge oscillator circuit which
provides a sinusoidal wave of low distortion and of a
well-definded amplitude. |

A still further object of the present invention is to
provide an analog to digital converter circuit that pro-
vides logarithmetic conversion of an input signal as well
as providing linear amplification of such input signal for
distortion analysis processing.

Still an additional object of the present invention is
the provision of an automatic voltage control circuit
which provides a stabilized amplitude of output signal
~ which is a close reproduction of the input signal thereto.

A still another object of the present invention is to
provide a dual slope integrator circuit of simplified
construction which performs an analog to digital con-
version as well as providing clock signals to other digi-
tal circuitry.

These and other objects and advantages of the pres-
ent invention will become apparent from the following
description when taken in conjunction with the accom-
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panying drawings. It is to be understood that variations
of the present invention can be made without departing
from the scope of the invention as defined herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the acoustical testing
system,;

FIG. 2 is a schematic diagram of the Wien bridge
oscillator circuit:

F1G. 3 - § illustrate in block form the analog to digi-
tal converter circuit;

FIG. 6 1s a schematic diagram of an automatic voli-
age control circuit;

F1G. 7 1s a block diagram of a dual slope integrator
circuit; and

FIG. 8 illustrates the waveforms of the operation of .
the circuit of FIG. 7.

DETAILED DESCRIPTION OF THE
INVENTION

The acoustical testing system (ATS) of the present
invention as shown by FIG. 1 includes an oscillator 10
of the Wien bridge type which generates a selected
frequency. The selected frequency is passed through a
conventional calibrated attenuator 12 in order to con-
trol the input drive to amplifier 14, which is completely
disclosed in the U.S. patent application Ser. No.
358,152, filed May 7, 1973, in the present inventor’s
name. Amplifier 14 has low distortion and an extremely
low output impedance so as to predictably drive the
sound-generating means 16 located in sound-pressure
box 18 which is completely disclosed in U.S. Pat. No.
3,923,119, filed in the present inventor’s name.

The device 20 to be tested within sound-pressure box
18 located at a reference area therein receives the sound
generated by sound-generating means 16 to acoustically
drive same. Device 20 as a result of this drive develops
an output signal which is then coupled through cou-
pling means 22 including a microphone or similar sens-
ing device to the input of calibrated amplifier 24. The
device to be tested is a hearing aid or similar acoustical
device.

In the event that it is desired to directly electrically
stimulate a device to be tested, the output of the ampli-
fier 14 can be connected directly to the device to be
tested whose output is passed through coupling means
22 to amplifier 24. |

The output of amplifier 24 is fed to detector 26 and
this detector controls the gain of calibrated amplifier 24
via feedback loop 28. A readout means 30 receives the
output in digital form from detector 26 and operates
same to provide a digital readout of sound pressure
level of device 20 under test. Calibrated amplifier cir-
cuit 24, detector circuit 26 and feedback loop 28 define
an analog to digital converter circuit to be described in
greater detail hereafter.

The output of amplifier 24 is also connected to distor-
tion analyzer 32 which processes the signal from ampli-
fier 24 so as to determine the harmonic distortion con-
tent of the signal coming from device 20 under test. A
readout means 34 similar . to readout means 30 receives
the output from distortion analyzer 32 in digital form
and operates same to provide a digital readout of har-
monic distortion of the signal from the device under
test.

A frequency switch 36 of conventional construction
1s connected to oscillator 10 and distortion analyzer 32
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in order to control the frequency of operation of oscilla-
tor 10 and distortion analyzer 32. |

Thus, a device to be tested 20, such as a hearing aid or
device to be operated by sound or by direct electrical
stimulation can be tested by the acoustical testing sys-
tem of FIG. 1 to provide positive readout of sound
pressure level and harmonic distortion simultaneously
and oscillator 10, amplifier 24 and detector 26 and dis-
tortion analyzer 32 comprise unique circuitry that is
more completely described hereinbelow.

Oscillator 10 is illustrated in FIG. 2 and comprises a
Wien bridge oscillator. One of the basic problems of
sinusoidal oscillator circuits has been to control feed-
back gain to the exact value of 1. If this loop gain is
slightly less than one, then the oscillations will die out.
If the oscillations are greater than one, they will in-
crease until limited by the dynamic range of one of the
oscillator circuit elements.

A practical sinusoidal oscillator has a variable gain
element inserted in the feedback loop. The gain of this
element is constantly changed by servo control so that
the total feedback gain is exactly unity, sustaining a
sinusoidal oscillation at a desired amplitude.

In the Wien bridge oscillator circuit 10 of FIG. 2, the

variable gain element chosen is a junction field effect

transistor (JFET) 40 having its gate connected to one
side of parallel connected capacitor 42 and resistor 44
and series connected capacitor 46 and resistor 48 in
teedback loop 50. The drain of JFET 40 is connected to
a positive potential while the source is connected to a
resistor 52 to a negative potential. JFET 40 is operated
in the source follower mode driving into a resistance
formed by its current setting source resistor 52. The
gain of JFET 40 is set by the relation:

R,

1
R, —+ G

A =

Where R, is the resistance of source resistor 52 and
1/Gm is the equivalent output impedance of the JF ET,
Gm being its transconductance. The gain will, of
course, always be less than unity.

The transconductance is controlled by changing the
standing current in the JFET by the use of a common
emitter transistor 54 having its collector connected at
the junction between resistor 52 and capacitor 56, al-
though other current source devices will work as well
including JFET’s. The emitter of transistor 54 is con-
nected to a positive potential while its base is connected
to the junctions of serially-connected large capacitor 58
and resistor 60 which are connected to the collector of
transistor 62. The base of transistor 62 is connected to
the junction of resistor 64 and diode 66 while the emit-
ter 1s connected to feedback loop 50. Resistor 64 is
connected to positive potential while diode 66 is con-
nected to a negative reference voltage REF.V.

The diode 66 compensates for the base to emitter
Junction of transistor 62. Capacitor 58 and resistor 60
are used as a filter to minimize Miller effect of transistor
54 and also reduce distortion caused by feedback of
rectified spikes back into the source of JFET 40. Resis-
tor 68 is connected between ground and one side of
capacitor 56 so that this resistor and capacitor combina-
tion keeps a DC component out of variable gain ampli-
fier 70.

Common emitter transistor 54 operates in a way that
does not load JFET 40, because it draws current from
source resistor 52 thereby decreasing the current avail-
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able to the JFET which decreases its transconductance.
The transistor current is set by its base to emitter volt-
age which is in turn increased when the output voltage
peaks of the sinusoidal signal of the oscillator starts
turning on the level sense transistor 62.

The operation of oscillator 10 operates in the follow-
ing manner. Initially, after biases have been applied to
the circuit, no oscillations have begun. The transcon-
ductance of the JFET is at a maximum which has been
set by the current flowing through source resistor 52.
The gain of amplifier 70 is set at greater than two to
overcome the transfer of the RC Wien bridge compo-
nents 42, 44, 46, 48 plus the attenuation present in the
JFET gain control element. Oscillations thus begin, the
teedback gain being greater than unity and the fre-
quency of oscillation is set by Wien bridge RC compo-
nents 42, 44, 46, 48.

When the peak amplitude of the oscillations reach a
value equal to reference voltage REF.V., the voltage
across large capacitor 58 starts to fall because transistor
62 begins to conduct current on the negative peaks of
the signal excursion, and the transistor common emitter
stage of transistor 54 begins to draw current which
decreases the current and thus the transconductance of
the JFET. The oscillation peak amplitude is thus limited
at a value very close to that of reference voltage
REF.V.

Important advantages of the Wien bridge oscillator
circuit are: The properties of the JFET provide excel-
lent control and have a very smooth channel current-
transconductance characteristic which allows for low
distortion oscillator operation. The JFET is an ex-
tremely fast-acting control element which allows the

stabilizing feedback to incorporate only one moderately
long filtering time constant thereby resulting in excel-

lent feedback loop stability and fast corrective response
action. A high degree of output voltage swing stability
18 achieved. The circuit is of fairly simple construction.
The circuit is highly tolerant of wide variations in oscil-
lator amplifier gain and loading. The circuit produces a
high quality sinusoidal output of a precisely determined
and controlled amplitude.

FIGS. 3-5 illustrate in greater detail an analog to
digital converter circuit comprising calibrated amplifier
24 and detector 26 along with feedback loop 28. As
regards calibrated amplifier 24, it includes four sections
comprising a preamplifier section 72, cascaded times ten
(20 dB) amplifiers section 74, digitally controlled atten-
uator section 76 and an inverting amplifier section 78.

Preamplifier 72 receives its input signal from micro-
phone M in coupler 22 and its gain can be altered to
match the sensitivity of the microphone. The output of
the preamplifier can either be passed directly into the
attenuator section or it can be passed through either one
or both cascaded times 10 amplifiers 80 and 82 before
being supplied to the attenuator section 76.

The attenuator section 76 is controlled by feedback
loop 28 comprising multiple paths 84-96 which selec-
tively operate switches 98-110, which are preferably
semiconductor devices of well-known construction
thereby defining electronic switches.

The switches 98-110 are connected to resistors
112-116 which have values such as to alter the signal
amplitude being delivered to a null point by a ratio of 10
dB per resistor selection. The null point exists at the
input of inverting amplifier 78 of conventional con-
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struction which comprises an operational feedback hav-
ing resistor 118.

The operation of calibrated amplifier 24 is as follows:
The lowest gain is obtained when the switch 98 is closed
connecting the output of preamplifier 72 through resis- 5
tor 112 to the inverting amplifier 78 and the inverting
amplifier 78 has an output equal to the output of the
preamplifier 72 by virtue of equality of the input and
feedback resistor values of resistors 112 and 118.

The gain may be changed, thereby increased by a 10
factor of 10 dB by selecting switch 100 which connects
the preamplifier 72 output to the inverting amplifier 78
through resistor 114 having a value of 0.316R. The gain
may be further increased by 10 dB by operating switch
102 which connects the preamplifier 72 output to in- 13
verting amplifier 78 via resistor 116 having value of
0.1R. An additional increase of 10 dB may be attained
by choosing switch 104 which connects the output of
the first times ten (20 dB) amplifier 80 to the inverting
amplifier 78 via resistor 114. Further increases of 10 dB 2
per step can be attained by operating switches 106 and
108. The maximum gain of 60 dB can be attained by
operating switch 110 thereby connecting the times 100
(40dB) amplified signal from preamplifier 72 into resis-
tor 116 which causes the inverting amplifier 78 to have
a gam of times 10 (20 dB). It is to be understood that
only one of switches 98-110 is operated at one time.

The linearly-amplified signal from inverting amplifier
78 1s supplied to distortion analyzer circuit 32 and also
to detector 26 and can be routed to other circuitry as
desired.

Detector 26 as shown in FIGS. 4 and 5 comprises
three main parts. One of these is an operational averag-

ing detector 120 which converts the sinusoidal or AC 15
signal from amplifier 24 into a DC level. The second

part comprises a digital processor 122 which operates
on the detected DC level signal and operates gain
switches 98-110 of the attenuator section 76 to attain a
desired range of the detected DC level signal. Once this 40
range has been attained, digital information is then
passed to the readouts to operate same providing the
two most-significant numbers of a three digit readout.
The third part comprises a digital processor 124 which
operates on the detected DC level signal and arrives at 45
a digital number by a staircase comparator arrange-
ment. This digital number is then passed to the three
digit readout to operate same to provide the least signif-
icant number.

The operational averaging detector 120 uses circuitry sg
of conventional form and provides the detected DC
level signal which is supplied directly to two conven-
tional level comparators 126, 128 and through an inte-
grator 130 of conventional form to a third level compar-
ator 132 of similar construction as comparators 126, 55
128. The first level comparator 126 detects when the
DC signal exceeds a level of 3.16 volts. If this compara-
tor 126 is actuated, decade counter 134 of conventional
design is enabled and counts up on the reception of
clock input pulses from conventional clock circuit 136. 6o
The output from decade counter 134 is in BCD form
and operates a conventional BCD to decimal decoder
circuit 138. This decoder switches 98-110 of the attenu-
ator section 76 via feedback paths 84-96 such that the
gain of the amplifier 24 is decreased in increments of 10 65
dB until the operationally-detected DC level drops
below 3.16 volts. The greater than 3.16 volts ievel com-
parator 126 then removes the enable and upcount signal
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from decade counter 134 making it insensitive to any
further clock input pulses from clock circuit 136.

If the amplified and detected DC level drops to
below 0.316 volts, then the <0.316 volts comparator
126 provides an enable and down count signal to the
decade counter 134 which then is reactived counting in
a downward direction upon reception of clock input
pulses. The BCD to decimal decoder 138 now causes
the gain in amplifier 24 to be increased in 10 dB incre-
ments until the detected DC signal rises above 0.316
volts whereupon the 0.316 volts comparator 126 deacti-
vates thereby removing the enable plus downcount
signal from the decade counter 134 making it insensitive
to further clock input pulses.

The BCD output from the decade counter 134 is a
number which corresponds to the level of the signal
input except that it may be in error by a factor of plus 10
dB. This BCD output is supplied to a conventional
adder circuit 140. If the detected DC signal is in the
range from 0.316 volts to 1 volt, then the BCD output of
the decade counter 134 is accurate. If the detected DC
signal is in the range from 1 volt to 3.16 volts, then the
BCD output of the decade counter 134 is in error by 10
dB. The error is corrected by passing the detected DC
signal to integrator 130 then to greater than 1 volt level
comparator 132. This comparator 132 produces an out-
put when the detected DC signal is greater than 1 volt.
This output is passed to the carry input of the adder
circuit 140 which then adds a one to the BCD number
obtained from the output of the decade counter 134 thus
correcting the error of 10 dB.

The output of the adder circuit 140 is then supplied to
conventional readout decoder circuit 142 and thence to
the most significant digits of the three digit readout.
The BCD information present at the ouput of the adder
circuit 140 can also be utilized to operate other circuitry
such as for example, tape readers, computer interface
circuitry, etc.

FIG. 5 illustrates the unit or least significant figure
digitizer circuit 124 which operates on the DC signal
from the operational averaging detector 120 after it has
been passed through integrator circuit 130. It utilizes
conventional staircase comparator form of A to D con-
vertor except that the staircase levels correspond to
logarithmetic increments of 1 dB and the comparison is
made in conventional comparator circuits 146 and 148
in one of two ranges depending upon the output state of
the greater than one volt comparator 132. These ranges
are from 0.316 volts to 1 volt and from 1 volt to 3.16
volts.

Assuming that the output of the greater than one volt
comparator 132 1s in a “one” state, this would indicate
that the detected DC signal is greater than 1 volt and
because of the operation of the most significant figures
digitizer circuit 124 lies between the values of one and
3.16 volts.

The gate 150 is thereby enabled, allowing signals to
pass from the one volt to 3.16 volt comparator 146 for
purposes of disabling the clock gate 152. Upon the re-
ception of reset command, decade counter 154 of con-
ventional design is reset to zero, and a zero level is
formed at the output of conventional staircase genera-
tor 156 through a conventional BCD to decimal de-
coder circuit 158. The zero level is a voliage of 1.1
volts. This level is then compared in comparator 146
against the level of the DC signal from the detector 120.
If it is smaller than the detected DC signal, a reception
of a clock pulse to gate 152 will provide an input to the
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decade counter 154 thereby causing it to advance to a
count of one. The new level from the staircase genera-
tor 156 is 1.3 volts, it is compared in comparator 146
against the detected DC signal from detector 120, and,
if the detected signal is still greater than the output from
the staircase generator 156, further reception of a clock
pulse will cause a count of two in the decade counter
154 with a resultant staircase generator output of 1.4
volts which corresponds to a voltage between 2 dB and
3 dB.

The comparison process is repeated and clock pulses
continue to cause decade counter 154 to advance with
resultant higher values of staircase generator output
voltages until a comparison finally occurs at which
point the gate 152 is disabled by virtue of the action of
the comparator circuit 146 causing the counter 154 to
stop counting. Its output number then corresponds to
the unit dB value of the detected DC signal and is uti-
lized by the readout decoder 160 to operate the readout
means 30 to provide a visual units readout defining the
least significant figure.

In the event that the DC detected signal lies in the
range of 0.316 volts to 1 volt, no output is then received
from the greater than one volt comparator 132 and gate
150 1s not enabled rendering inoperative the 1 volt to
3.16 volts comparator 146. Instead, the above operation
IS again repeated except that the 0.316 volt to 1 volt
comparator 148 is utilized together with a staircase
signal which has been attenuated in attenuator 162 of

conventional design by a factor of 10 dB to correspond 30

to unit dB levels lying between 0.316 volts and 1 volt.
The BCD output from the decade counter 154 in all
Instances can be utilized to operate other digital cir-

cuitry such as, for example, tape readers, computer
interface circuitry, etc.
There are numerous advantages to this form of ana-

log to digital converter. One advantage is that optimum
signal to noise ratio can be achieved in all gain settings
of the automatic selection circuit, this optimum ratio
being set by the form of preamplifier used. Another
advantage is that the cascading of calibrated signal
amplifiers allows a very precise digitizing process to be
obtained. A further advantage is that the amplified out-
put signal will be of an amplitude that varies only over
a 10 to I range and thus can be easily used by automatic
distortion analysis or other circuits. An additional ad-
vantage 1s that the amplified output signal will be a high
quality reproduction of the input signal with low distor-
tion and noise, and is suitable for use by distortion anal-
ysis circuits. A still further advantage is that the chosen
method of digitizing the most significant numbers is
immune to short term input signal variations of up to 10
dB. Still another advantage is that, while the digitized
output is logarithmetic, no logarithmetic amplifiers are
used with their usual requirements for level and gain

- adjustments. A still further advantage is that this circuit

has an extremely wide dynamic operational range.
FIG. 6 illustrates the automatic volume control cir-
cuit. An input AC signal from the output calibrated
amplifier 24 passes through capacitor 212 and is sup-
plied through a conventional signal operational ampli-
fier 216 which is supplied with a feedback resistor 218.
The amplified output signal from the operational signal
amplifier 216 is operationally peak detected via opera-
tional detector amplifier circuit 220 of conventional
design, its peak level being stored in capacitor 222 via
diode 224. This peak level is then compared against a
reference voltage of opposite polarity through series
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‘resistors 226, 228 and via comparator 230. The compar-

ator 230 1s formed by an operational amplifier of con-
ventional design with its feedback capacitor 232 and is
used to drive a light-emitting diode (LED) 234 through
series connected resistor 236 and diode 238. LED 234 is
optically coupled to the input of light-sensitive resistor
214.

Within the dynamic range of the automatic volume
control range of the automatic volume control circuit,
the peak voltage swing from the signal amplifier 216
will be equal to the ratio of R, to R, times the reference
voltage.

The constant AC output voltage from the automatic
volume control circuit is then supplied to a conven-
tional Wien bridge null circuit 237. The frequency of
the null is set by frequency switch 36 to coincide with
the frequency of oscillator circuit 10 as shown by FIG.
1. The output of null circuit 237 contains only fre-
quency components other than that of the oscillator
circuit 10 and thus represents a measure of the total
harmonics and noise from the device under test 20. This
output is fed into detector circuit 239 of conventional
design which thus produces a DC drive signal that is
supplied as an unknown signal to input terminal 164 of
dual slope integrator circuit of FIG. 7.

One of the main advantages of this AVC circuit is
that it provides very low distortion amplification of an
input signal. Another advantage is that it is capable of
operation over a very wide range of input signals. A
further advantage is that is provides very accurate con-
trol over the peak amplitude of the amplified signal. An
additional advantage is that the circuit uses a minimum
number of components.

FI1G. 7 illustrates an improved dual slope integrator
circuit. An input signal from detector 238 is applied at
terminal 164 to provide a DC negative unknown signal

and 1t 18 sent into switch 166 via resistor 168. Switch 166
is preferably a conventional electronic switch. A known
DC posttive potential is provided at terminal 170 and is
supplied to switch 166 via resistor 172. The output from
switch 166 is connected to operational amplifier 174 of
conventional design.

A conventional clock pulse generator 176 supplies
repetitive clock pulses 178, as shown in FIG. 8, to con-
ventional cascaded decade counters 180, 182. The out-
puts from decade counters 180, 182 are fed respectively
to latch circuits 184, 186 of conventional design. The
output from decade counter 182 is supplied to a divide
by three circuit 188 comprising two conventional inter-
connected flip tlop circuits. One output from divide by
three circuit 188 is fed to switch 166 to operate it to
supply unknown or known signals as hereinafter de-
scribed to operational amplifier 174. The other output
from the divide by three circuit 188 is supplied to switch
190, which 1s a conventional electronic switch and it is
in shunt with integrating capacitor 192. Thus, opera-
tional amplifier 174 and capacitor 192 define an integra-
tor circuit. -

The output from the integrator is fed into comparator
circuit 194 of conventional design, and its output is
supplied to latch circuits 184, 186. The outputs from
latch circuits 184, 186 are fed into conventional decoder
circuits 196, 198 and their outputs operate conventional
digital display device 34.

Operation of improved dual slope integrator, as illus-
trated in FIG. 8, is according to the following: Pulse
generator 176 1s used to generate a series of clock pulses
178 that continuously feed cascaded decade counters
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180, 182. The signal coming out of the last decade
counter 182 is passed into divide by three circuit 188.
Two outputs are taken from the divide by three circuit
188 with one of these outputs 199 being one count in
length, while the second output 202 is two counts long.
The first portion of the second output 202 is coincident
with the first output 199. When the first output 199 is
high or in the one state, the integrator circuit 174, 192 is
reset by means of switch 190 connected in shunt with
the integrating capacitor 192. The second output 202,
when in its one state (two counts long), actuates the
integrator input switch 166 thereby connecting the
unknown signal input to the integrator circuit. When
the second output 202 is in its zero state, the input of the
integrator circuit is connected to a reference potential
via the integrator input switch 166, which potential is
always known, larger than and of opposite polarity to
that of the unknown signal.

The integrator output 204 thus sits at zero volts or is
set to zero volts during its reset interval which lasts for
100 clock pulses, makes a positive excursion 206 (minus
polarity unknown input) during the next interval of 100
clock pulses, reverses its direction 208 and crossed
through zero during some portion of the next interval of
100 clock pulses. At the time that the integrator output
passes through zero, comparator 194 is actuated by
sensing the transition and sends a latch pulse 210 to
latch circuits 184, 186 which transfer the condition of
the two decade counters 180, 182 into the output of the
latch circuits 184, 186 providing a memory function.
The BCD numbers appearing in the outputs of the latch
circuits 184, 186 are the digitized values of the unknown
signal which are then sent into decoder circuits 196,
198, and the output therefrom operate digital display
means 34. The BCD output can also be used to operate
other digital processing circuitry such as, for example,
tape printers, digital computer interfaces, etc.

Advantages of this circuit are such that the digital
counters 180, 182 can be left free running and their
signals can be utilized by a multiplicity of other circuits
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such as other A to D converters. The circuit is of sim-

pler construction and provides many of the advantages
of the conventional dual slope integrator approach. The
circuits of FIGS. 6 and 7 constitute the distortion analy-
zer circuit 32.

Although the invention has been described hereinbe-
fore with respect to the several embodiments, it will be
appreciated that various changes and modifications may
be made therein without departing from the scope of
the invention as claimed in the accompanying claim.

The invention is claimed in accordance with the fol-
lowing:

1. An analog to digital converter circuit comprising:

calibrated AC amplifier means including input circuit

means having input signal means applied thereto,
gain switching means which can be switched in 10
dB increments and a plurality of output circuit
means;

detector means connected to one of said plurality of

output circuit means of said calibrated AC ampli-
fier means for providing a fast-varying DC signal;
first comparator means connected tc said detector
means and providing switching signals according
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to said fast-varying DC signal and having an oper-
ating range of greater than 10 dB;

first counter means connected to said first compara-
tor means for receiving said switching signals and
providing according thereto gain-switching signals
to said gain-switching means for incrementally
controlling in 10 dB increments the gain of said
calibrated AC amplifier means and providing digi-
tal output signals therefrom;

Integrator circuit means connected to said detector
means for smoothing fluctuations of said fast-vary-
ing DC signal;

second comparator means connected to said integra-
tor circuit means for providing control signals;

second counter means connected to said second com-
parator means for receiving said control signals;

feedback means connected between said second

counter means and said second comparator means

for setting said second counter means at a condition

corresponding to the DC level of the output of said

Integrator circuit means such that the number pro-

- vided by said second counter means has a logarith-
mic relation to the smoothed DC signal;

third comparator means for examining the level of
said smoothed DC signal and providing correction
control signals;

adder circuit means receiving said correction control
signals and said digital output signals to provide
corrected digital signals; and

readout means receiving said corrected digital signals
from adder means for providing most significant
digit readout information and also being connected
to said second counter means for providing least
significant digit readout information.

2. An analog to digital converter circuit according io
claim 1 wherein said detector means includes an opera-
tional averaging detector circuit for averaging the vary-
ing output signals.

3. An analog to digital converter circuit according to
claim 1 wherein said first counter means comprises
BCD up-down counter means and binary to decimal
converter circuit means for providing said gain-switch-
ing signals to said gain-switching means of said cali-
brated AC amplifier means.

4. An analog to digital converter circuit according to
claim 1 wherein said second counter means comprises
BCD counter means.

5. An analog to digital converter circuit according to
claim 1 wherein said feedback means comprises binary
to decimal converter circuit means, reference voltage
means and resistor network means connected to the
output of said binary to decimal converter circuit means
for providing a comparison signal to said second com-
parator means.

6. An analog to digital converter circuit according to
claim 1 wherein said readout means comprises BCD to
readout decoder means and digital readout devices for
displaying the states of said corrected first and second
counter means.

7. An analog to digital converter circuit according to
claim 6 wherein said readout decoder means includes

adder said circuit means.
X ¥ ¥ *K



	Front Page
	Drawings
	Specification
	Claims

